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SUMMARY Background
Gut-directed hypnotherapy can reduce IBS symptoms, but the mechanisms underlying this therapeutic effect remain unknown.
Aim
To determine the effect of hypnotherapy and educational intervention on brain responses to cued rectal distensions in IBS patients.
Methods
Forty-four women with moderate-to-severe IBS and 20 healthy controls (HCs) were included. Blood oxygen level dependent (BOLD) signals were measured by functional Magnetic Resonance Imaging (fMRI) during expectation and delivery of high-(45 mmHg) and low-intensity (15 mmHg) rectal distensions. Twenty-five patients were assigned to hypnotherapy (HYP) and 16 to educational intervention (EDU). Thirty-one patients completed treatments and posttreatment fMRI.
Results
Similar symptom reduction was achieved in both groups. Clinically successful treatment (all responders) was associated with significant BOLD attenuation during highintensity distension in the dorsal and ventral anterior insula (cluster size 142, P = 0.006, and cluster size 101, P = 0.005 respectively). Moreover HYP responders demonstrated a pre-post treatment BOLD attenuation in posterior insula (cluster sizes 59, P = 0.05) while EDU responders had a BOLD attenuation in prefrontal cortex (cluster size 60, P = 0.05). Pre-post differences for expectation conditions were almost exclusively seen in the HYP group. Following treatment, the brain response to distension was similar to that observed in HCs, suggesting that the treatment had a normalising effect on the central processing abnormality of visceral signals in IBS.
Conclusions
The abnormal processing and enhanced perception of visceral stimuli in IBS can be normalised by psychological interventions. Symptom improvement in the treatment groups may be mediated by different brain mechanisms. Clinical trial number: NCT01815164.
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INTRODUCTION
Several studies have demonstrated a beneficial effect of hypnotherapy in the treatment of Irritable Bowel Syndrome (IBS), a common chronic gastrointestinal disorder characterised by abdominal pain, bloating and altered bowel habits, which is often associated with increased trait anxiety. [1] [2] [3] [4] [5] In a recently published randomised controlled study, it was demonstrated that gut-directed hypnotherapy significantly improved IBS symptoms after 3 months when compared with supportive therapy or waiting list, and that this improvement was more pronounced for sensory symptoms, such as pain and bloating, than for bowel habit disturbances. 2 This finding confirmed earlier reports that hypnotherapy can improve abdominal pain and overall symptoms in IBS. 1, 6 Previous work has also demonstrated that hypnotherapy treatment may affect the perception of experimental visceral stimuli, both in hypersensitive and hyposensitive patients. [7] [8] [9] [10] However, changes in the perception of rectal distension were not correlated with symptom improvement in paediatric or in adult patients. [9] [10] [11] Despite the successful use of hypnotherapy for the treatment of IBS symptoms, the neurobiological mechanisms underlying this mind-based therapy remain largely unknown.
Rectal balloon distension and cued expectation of such high-intensity distensions has traditionally been used to evoke abnormal brain responses in IBS. 12 Evoked brain responses can be visualised by functional Magnetic Resonance Imaging (fMRI), where changes in the blood oxygen level dependent (BOLD) response to rectal stimuli cause measurable fMRI signal changes. In fMRI, a regional increase in the BOLD response is interpreted as increased neural activity in this region. According to a recent meta-analysis of brain responses to rectal distension in IBS patients and HCs, patients had more BOLD activity in brain regions associated with visceral afferent signal processing, emotional arousal and cognitive modulation. 13 In addition, several studies have provided evidence for an altered engagement of endogenous cortico limbic pontine pain modulatory systems. 14, 15 When viewed together, a model of IBS symptom generation has been proposed, which includes abnormal signalling in visceral afferent pathways as well as central pain amplification. The latter includes increased emotional arousal, cognitive abnormalities (hypervigilance, catastrophizing) and related alterations in the balance of descending inhibitory and facilitatory systems. 16 The primary aim of this study was to further examine the pathophysiological mechanisms of IBS and to determine the effect of a clinically successful course of hypnotherapy and educational intervention on brain responses to expected and delivered low-and high-intensity rectal distensions in a sample of female IBS patients with moderate-to-severe symptoms. Specifically, we aimed to test the following hypotheses: (i) IBS patients who respond successfully to a course of hypnotherapy with significant GI symptom reduction demonstrate changes in brain responses to both expected and delivered rectal distensions; (ii) Brain responses in hypnotherapy responders differ from those observed in patients improving in response to IBS-related education; and (iii) Posttreatment patterns of brain activation in treatment responders are similar to responses seen in HCs.
METHODS
Subjects
Forty-four right-handed female IBS patients (mean age 35.5 years, range 20-60) fulfilling Rome III criteria were recruited from the Gastroenterology Clinic at the University Hospital in Linköping, Sweden and by referral from general practitioners in the County of Östergötland, Sweden. They were refractory to conventional IBS treatment as administered or prescribed by their primary care physician. Twenty-nine patients had IBS-M, 10 had IBS-D and 5 had IBS-C.
Subjects were evaluated by the trained gastroenterologists and standard clinical investigations were performed to exclude organic gastrointestinal disease. Twenty healthy right-handed women were recruited by advertisement to the HC group (mean age 32.2 years, range 21-54). For participating, HCs received 1000 SEK in compensation. Exclusion criteria for all subjects were organic gastrointestinal disease, metabolic, psychiatric or neurological disorders, abdominal surgery, centrally acting medication, use of nicotine 3 months before the trial and use of alcohol less than 24 h before the fMRI scan. Three patients were excluded immediately from the study due to claustrophobia during the first scanner procedure. Twenty-five patients were assigned to hypnotherapy (HYP) and 16 to educational therapy (EDU), in weekly periods depending on availability of the hypnotherapist.
Eighteen patients completed the hypnotherapy, reasons for discontinuation were as follows: start of centrally acting medication (n = 1); noncompliance to the study protocol (n = 5); panic attacks during hypnotherapy (n = 1). In the HYP group, two fMRI data sets were excluded from the analysis due to: exceeding predefined motion parameters (n = 1) and major scanner artefact (n = 1).
Twelve patients completed the educational intervention, reasons for discontinuation were as follows: pregnancy (n = 1); start of centrally acting medication (n = 1); unrelated disease (n = 1). In the EDU group, three fMRI data sets were excluded from analysis due to: exceeding predefined motion parameters (n = 2) and major scanner artefact (n = 1).
Nineteen HC completed the fMRI procedure. Due to vertigo during the experimental procedure, one HC dropped out and one data set was excluded from analysis due to incomplete data collection.
In total, there were complete data from 16 patients in HYP, 9 patients in EDU and 18 HCs.
Written and oral informed consent was obtained from all subjects. The study protocol was approved by the Regional Ethical Review Board in Linköping, Sweden (DNR M71-09).
Study design
A study overview is presented in Figure 1 .
Questionnaires. IBS severity scoring system (IBS SSS):
The IBS SSS is used for rating IBS symptoms. 17 The scoring system incorporates five items: abdominal pain severity, pain frequency, bowel distension, bowel dysfunction and quality of life/global well-being. Total maximum score is 500. Mild, moderate and severe symptom burden are indicated by scores of 75-175, 175-300 and > 300 respectively. Responders were defined a priori as a pre-post treatment reduction of at least 50 points in IBS-SSS.
17
Visceral sensitivity index (VSI): The visceral sensitivity index (VSI) consists of a 15-item scale to measure gastrointestinal symptom-specific anxiety by assessing the cognitive, affective and behavioural response to fear of GI sensations, symptoms and the context in which these occur. 
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The hospital anxiety and depression scale: The Hospital Anxiety and Depression Scale (HAD) is a self-assessment scale that was developed for detecting states of depression and anxiety in medical outpatient settings. 19 The scale consists of seven items, each for anxiety and depression, graded on a 4-point scale. The sum score for anxiety and depression, respectively, ranges from 0 to 21 with a higher score indicating more pronounced symptoms.
Gastrointestinal symptom diary: Subjects recorded their gastrointestinal symptoms on validated diary cards 20 during 2 weeks, before and after treatment. Along a 24-h time axis, they recorded the episodes of abdominal pain and graded the pain intensity into light, moderate or intense.
Ratings of present intensity and unpleasantness of gastrointestinal symptoms: A scale ranging from 0 to 10 was used to asses (i) the subjects current intensity of gastrointestinal symptoms; and (ii) abdominal unpleasantness during the fMRI session protocol. Zero indicates no intensity/no unpleasantness and 10 indicate very highintensity/very intolerable unpleasantness.
Hypnotherapy. The written gut-directed hypnotherapy script used for the intervention was developed by MSj (an experienced hypnotherapist) and has been used clinically for several years. All subjects were treated by MSj in a standard course of seven 1-h-long sessions of individual hypnotherapy (approximately one session per week). During the first session, the therapist established a working alliance with the patient and informed the patient about the hypnotherapy treatment. The following six hypnotherapy sessions contained: induction of the hypnotic state, and hypnotic suggestions with the intention to reduce threat perception and gut symptoms and to increase overall physical relaxation. Subjects received a prerecorded compact disc with the same content as in the clinical sessions. Subjects were instructed to practise at home on a daily basis.
Educational intervention. The subjects received seven individual 45-min sessions with different tutorials covering gastrointestinal anatomy and physiology, IBS symptoms, diet and the theory of different IBS treatments.
The sessions began with 20 min when the subject studied material covering the session topic and then a 25-min discussion followed. Tutors included gastroenterologists and experienced physiotherapists specialised in functional bowel and pelvic floor disorders. fast for 4 h before the experiment. A rectal balloon (maximum volume 520 mL, made of polyethylene, attached to a polyethylene tube) was installed and tested by a person with experience of this procedure. Subjects were placed in the MR scanner and fitted with headphones (allowing two-way communication) and high-resolution video goggles for visual stimulus presentation (Resonance Technology Inc., Northridge, CA, USA). The experimental paradigm was designed using Superlab Pro 4 software (Cedrus Corp., San Pedro, Northridge, CA, USA) and presented via a standard PC in the goggles. During the initial 5 min of the experiment, the subjects were instructed to rest and then a 10-min fMRI sequence collecting resting-state data was performed (data reported elsewhere).
Pressure thresholds during rectal distension. An electronic barostat (Dual Drive Barostat, Distender series II; G&J Electronics Inc., Toronto, Canada) was used for rectal distensions. Distension protocols were performed using Protocol Plus Deluxe (v 6.7R). Protocol Plus Data Scanner (v 4.9) was used to analyse the recorded barostat data. Using ascending method of limits with phasic distensions, the subjects' sensory thresholds during rectal distension were evaluated in the scanner. The balloon was inflated for 30 s followed by a 30-s long period of rest with pressure of 2 mmHg. The increment of pressure was 5 mmHg. After each distension, the subjects were instructed to verbally rate the distension according to a scale from 0 to 3 (0 = no sensation, 1 = sensation, 2 = urgency to defecate and 3 = maximum tolerable pressure). When the subjects reported maximum tolerable pressure, the distension protocol was ended. Before and after the thresholding procedure, the subject was asked to assess their current intensity of gastrointestinal symptoms and unpleasantness.
Expectation and visceral stimulus fMRI paradigm. fMRI data were acquired while 18 low-(15 mmHg) and 20 high-intensity (45 mmHg) rectal distension (duration 15 s) were delivered in a pseudorandomised order. Each distension was preceded by a visual cue (duration 3 s) predicting the size of the distension (certain expectation).
The high-and low-intensity distensions were signalled by an orange and blue cue respectively. The time between the cue and the beginning of the inflation was jittered by 2, 4 or 6 s. Between the distensions, the subjects had 18 rest periods (safety baseline) of 14, 16 or 18 s duration, signalled by a grey cue (3 s) in pseudorandomised order. The total duration of the visceral stimulus paradigm was 24 min. After the protocol, the subjects were again asked to assess their current gastrointestinal symptoms and unpleasantness and to rate the sensation of the last high-and low-intensity distension.
fMRI data acquisition. A 1.5 T MRI scanner (Philips Achieva; Philips, Best, The Netherlands) was used to acquire brain images. Functional brain images (axial and interleaved) were acquired using a blood oxygen level dependent (BOLD) sensitive gradient echo sequence, employing the following acquisition parameters: Repetition time (TR) = 3 s; Echo time (TE) = 40 ms; flip angle = 90°; resolution 3 9 3 9 3 mm 3 , slice gap = 0.5 mm and number of slices = 35. The number of image volumes acquired during the fMRI session was 482.
Data analysis. Statistical parametric mapping 8 (SPM8) (Wellcome Trust Centre for Neuroimaging, London, UK, http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) was used for the preprocessing and statistical analysis of the BOLD fMRI data. The 482 images acquired during fMRI were realigned to the first image of the time series to correct for movement during scanning. The images were normalised to a standard brain atlas in Montreal Neurological Institute (MNI) space to allow for voxel-wise statistical testing between subjects. Finally, the images were smoothed using an 8-mm full width half maximum Gaussian kernel to reduce image noise and to ameliorate differences in intersubject localisation. Subjects were excluded from further analysis if the BOLD fMRI images exceeded the predefined movement threshold of >3 mm or contained scanner artefacts when visually inspected.
To estimate the correlation between the time series of the measured BOLD response and the evoked rectal stimuli, we applied a general linear model (GLM) with four regressors representing the different conditions of the stimuli, one regressor representing the safety baseline, and six regressors representing movements during scanning. The four conditions during the fMRI experiment were as follows: (i) expectation of high-intensity distension; (ii) high-intensity distension (45 mmHg); (iii) expectation of low-intensity distension; and (iv) lowintensity distension (15 mmHg). These conditions were compared to the safety baseline in a first level analysis of fixed effects in each subject.
In the second level analysis of within group and prepost treatment effects, a region of interest (ROI) approach was applied. A priori defined ROIs included regions and subregions associated with emotional arousal, processing of afferent signals and endogenous pain modulation: amygdala (AMY), hippocampus (HIPP), pregenual and subgenual anterior cingulate cortex (pACC and sgACC), anterior mid cingulate cortex (aMCC), periaqueductal grey (PAG), thalamus (THA), ventrolateral and dorsolateral prefrontal cortex (VLPFC and DLPFC) and ventral and dorsal anterior insula (aINS), mid INS (mINS) and posterior INS (pINS). Onesample t-tests were performed to evaluate brain activation caused by rectal stimuli in each group, HYP and EDU separately. To evaluate treatment effects within the two treatment groups, paired t-tests were used. To compare treatment effects, difference images of activity between before and after were created in SPM8 and entered in two-group t-tests. Results were considered to be significant if the peak voxel P-value in ROIs was less than 0.05 corrected for multiple comparisons using family-wise error (FWE) correction.
Correlation analysis was performed between significant pre-post treatment changes in symptoms of all therapy responders and correspondingly, significant prepost treatment changes of BOLD response in ROIs. For the correlation analysis, changes in symptoms were entered as a covariate in SPM8 and inclusively masked by the significantly changed cluster as estimated by the analysis of treatment effects. Eigenvariates in peak voxels were extracted as measures of the correlation. The eigenvariates represents the b-values in the regression model. The correlation analysis between the eigenvariates and the pre-post treatment effects in symptoms (Pearson′s r) was performed in GraphPrism 4. The alpha level for significance was set at 0.05.
RESULTS
At baseline, there were no significant differences between the two IBS groups in IBS-SSS, VSI, HAD and sensory rectal distension pressure thresholds. Table 1 . Pre-post treatment symptoms of all subjects who were included into the fMRI analysis are shown in the supporting information.
Behavioural responses
Brain responses
Treatment effects on brain responses were assessed in three different analyses: (i) Pre-post treatment data in all responders (n = 20); (ii) Comparison between pre-and posttreatment brain response of IBS patients with the brain response of HCs; and (iii) Differences in brain responses between IBS subjects who responded to hypnosis (HYP responders) vs. those who responded to education (EDU responders). This study may be limited by the fact that the data of several subjects had to be excluded, which reduced the number of complete data sets. One unexpected problem was that several subjects exceeded motion thresholds during data collection in the scanner dependent on the very intense rectal stimulus preventing them to lie still.
All IBS treatment responders. BOLD responses during both the high-intensity distension and expectation of such distension were significantly reduced post treatment in aINS and vlPFC, while AMYG, HIPP and pINS showed reductions only during the distension. There was no pre-post treatment increase in BOLD during the rectal distensions. Pre-post treatment BOLD responses during all conditions are shown in Table 2 .
Significant correlations between pre-post symptom improvement in VSI score and BOLD attenuation in the aINS (Figure 4a) , and between GI symptom improvement and BOLD decrease in HIPP (Figure 4b) were observed for the high-Intensity distension. In contrast, no significant correlations were observed during the expectation condition.
Treatment responders vs. healthy controls. Before therapy, treatment responders (n = 20) showed significantly more BOLD responses than HCs (n = 18) during the high-intensity distension in several brain regions including vlPFC, aMCC, pACC and sgACC. After treatment, Aliment Pharmacol Therthese differences were no longer observed, except in vlPFC. BOLD responses of all treatment responders before and after therapy, compared with HCs, are shown in Table 3 .
Hypnosis vs. Education group responders. The 13 HYP responders had a significant pre-post treatment BOLD attenuation in the aINS both during the high-intensity distension (which also showed reduction in pINS) and during the expectation condition, whereas aINS reduction in the EDU responders was only seen during the distension (in addition to reductions in vlPFC) Data shown in Table 4 . Significantly more pronounced pre-post reductions in BOLD response in the HYP responders compared with the EDU responders were seen during the low-intensity distension, and included the right aINS [cluster size 17, P = 0.03, (28 30 4 When adding treatment nonresponders to the analysis, there were no pre-post treatment differences in HYP group (n = 16) during the high-intensity distension and a reduction in BOLD in sgACC in the EDU group (n = 9). Data for all conditions are shown in Table 5 . These differences were no longer seen after therapy.
DISCUSSION
Hypnotherapy aims to induce a state of deep relaxation with focused attention, teaching patients to control symptoms and physiological functions that are not usually easily accessible to conscious manipulation. 21 Education can also reduce symptom-related anxieties and worries, but has no specific effect on attention and relaxation. Using both of these treatment strategies in IBS patients, the main findings of this study were as follows: (i) Clinically successful treatment (all responders) was associated with significant BOLD signal reductions during both highintensity distension and expectation of such distension in the aINS, a brain region which receives interoceptive, cognitive and affective modulatory input, and which is essential for the conscious awareness of visceral sensations 22, 23 ;
(ii) In the aINS, a significant correlation between treatment-induced reduction in GI-related anxiety (VSI) and BOLD decrease was observed; (iii) Brain responses associated with symptom reduction during HYP and EDU showed similarities both during distension and expectation in the form of reductions in aINS activity, but differed in other responses, suggesting that somewhat different brain mechanisms may mediate symptom improvement to the two different treatments; and (iv) Following treatment, the brain response to high-intensity distension was similar to that observed in HCs, suggesting that psychological/cognitive treatment has a normalising effect on the central processing of visceral stimuli in IBS.
Treatment responders
Patients who responded to treatment (all responders) demonstrated a reduced activation in the aINS during the high-intensity distension, consistent with a reduced conscious perception of signals from the viscera. Given the role of the aINS in integrating interoceptive, cognitive and affective inputs, and its role in a salience network 24 , one could speculate that treatment responders have enhanced their cognitive ability to attenuate interoceptive signals from the gut, and/or reduced the role of affective input in sensory amplification. Even though the present sample was not large enough to allow for the isolated evaluation of nonresponders, when nonresponders were included into the analysis pre-post treatment, the observed changes in aINS were less pronounced in both treatment groups, suggesting that these changes were related to symptom improvement. This interpretation was further supported by showing a significant correlation of BOLD signal changes in the aINS with symptom improvement.
Hypnotherapy vs. educational therapy HYP responders demonstrated a reduction in BOLD activity in both aINS and pINS, during the high-intensity rectal distension. Decreased activation in pINS, which is the primary interoceptive cortex, is consistent with a reduced spinal afferent input to the brain. 15 As the balloon distension stimuli during the first and second fMRI were identical, the decrease in pINS could not be explained by primary changes in the visceral input to the CNS, but rather had to be a consequence of primary central processes. Such central processes could include autonomic outflow to the gut resulting changes in motility and activity of mechanosensitive primary afferents. Alternatively, alterations in the balance of facilitatory and inhibitory descending influences on dorsal horn neurons could change the excitability of these neurons and result in increased ascending interoceptive input to the brain. However, this central inhibition could also be at the level of the pINS itself, not only at the dorsal horn. It has been shown in several studies that hypnotic modulation can increase and decrease pain perception in both HCs and patients with chronic pain. [25] [26] [27] [28] Recently, Abrahamsen demonstrated that hypnotic hypoalgesia induced a decrease in brain activity in the pINS. 20 In this study, we did not assess to what extent subjects managed to use self-hypnosis strategies during the scanning procedure. However, pre-post differences for the low-intensity distension and for the two expectation conditions were almost exclusively seen in the HYP group and not in the EDU group, despite similar reductions in symptom ratings. This suggests that somewhat different brain regions may be involved in the symptom reduction by the two types of interventions. In this study, the rectal distension was predicted by a visual cue, preparing the subjects for the imminent stimulus. During the expectation of the high-intensity distension, HYP responders reduced their BOLD response in the left aINS. During expectation of the low-intensity distension, HYP responders reduced their BOLD response in left HIPP, left pINS and right THAL, but showed increased BOLD response in right AMY and in the left PAG. In the subsequent distension, there was a reduced activation in the left pINS. PAG is a part of the endogenous pain-modulating system and allows regulation of nociceptive input both in facilitation and inhibition, mainly at the dorsal horn. 28, 29 Earlier, it has been demonstrated in both humans 30, 31 and animal models 32 that stimulation of PAG can produce a subsequent analgesic effect, and that AMYG input to the PAG is part of this endogenous pain modulation circuitry. 33 Even though PAG activation in expectation of pain has been shown to be predictive of pain-rezlated activation in the pINS, 34 the current findings are most consistent with hypnosis-induced engagement of the AMYG-PAG circuit in the attenuation of visceral sensation. The educational intervention in this study was effective in the treatment of IBS symptoms in a similar way than in earlier studies. 35, 36 The EDU responders demonstrated a pre-post treatment decrease in aINS, but not in pINS suggesting that they, similar to HYP responders, experienced a reduced perception of visceral stimuli after treatment. However, EDU but not HYP responders demonstrated a pre-post treatment BOLD decrease in vlPFC, during the high-intensity distension. During the expectation of the high-intensity stimulus, there was a trend into the same direction. These findings suggest that educational therapy exerts its effect due to mechanisms involving the prefrontal cortex.
IBS treatment responders vs. HCs
Before treatment, IBS treatment responders had greater BOLD responses during high-intensity distension in left vlPFC, left aMCC, left pACC and bilat sgACC and trends towards greater BOLD activation in right vlPFC, left aINS, left mINS and left pINS, when compared with HCs, Table 5 . After treatment, all these differences decreased or disappeared, indicating that BOLD decrease in these regions is in consonant with a normalisation. Correspondingly, pre-post treatment BOLD reductions in the responders were demonstrated in left vlPFC, left aINS and left pINS and for EDU responders also left sgACC. The high-intensity distensions were associated with a decreased BOLD response in left vlPFC and ACC regions in the HCs, and after treatment also in IBS patients (Figure 4a) . The right vlPFC has been involved in a variety of inhibitory processes, 37 and activation of this region is involved in the cognitive modulation of pain, 28 and during placebo analgesia. 37, 38 Interestingly, in this study, the prepost reduction in left vlPFC was most pronounced in the 
Clinical implications
Gut-directed hypotherapy as well as disease-related education resulted in a clinically significant level of symp- tom improvement and decreased GI-related anxiety. These subjective changes were correlated with a reduction in BOLD responses in the aINS to a high-intensity visceral stimulus. This finding clearly demonstrates that the processing and perception of visceral stimuli can be modulated by psychological and cognitive treatment.
Given that there is a subgroup of IBS patients with predominant disturbances in central processing and modulation of visceral afferent signals ('central pain amplification'), the present findings establish psychological therapy as an important strategy to treat an important aspect of IBS pathophysiology. Long-term treatment follow-up studies with brain imaging evaluation are needed to evaluate if brain response alterations persist, and if this therapy may be curative for selected patients.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Table S1 . Behavioural data before and after intervention for all patients included in the fMRI data analysis. Mean, standard deviation and P-value for paired t-test are shown. Table S2 . Within group pre-post treatment BOLD response of all therapy responders (n = 20). Results calculated using paired t-tests and thresholded at P 0.05 corrected for multiple comparisons (FWE) at peak level. MNI-coordinates (x, y, z) indicated. L = left, R = right, NS = no significant findings. Table S3 . Brain activation of all therapy responders (n = 20) compared with brain activity of HCs (n = 18) before and after treatment. Results calculated using unpaired t-tests and thresholded at P 0.05 corrected for multiple comparisons (FWE) at peak level. MNIcoordinates (x, y, z) indicated. L = left, R = right, NS = no significant findings. Table S4 . Pre-post treatment BOLD response of hypnotherapy responders (n = 13) and educational responders (n = 7). Results calculated using paired t-tests and thresholded at P 0.05 corrected for multiple comparisons (FWE) at peak level. MNI-coordinates indicated. L = left, R = right, NS = no significant findings. Table S5 . Pre-post treatment BOLD response of all patients who received hypnotherapy (n = 16) and educational therapy (n = 9). Results calculated using paired ttests and thresholded at P 0.05 corrected for multiple comparisons (FWE) at peak level. MNI-coordinates (x, y, z) indicated. L = left, R = right, NS = no significant findings.
